AD-A183 963 DEVELOP!NG AN ACCELERATED sm: TEST FOR GRE SE
A STATUS REPORT(U) ARMY BELVOIR RESEARCH DEVELOP
AND ENGI ‘ERING CENTER FORT BELVOIR VA I RMEE A U

UNCLASSIFIED BRDEC-2453 F/G 117




Ky

v gt #ed Bat Ba"

[ I

b

2050 4,0 009 048 4¢" 3t

IRREEEX

O A_ h il ~ N XXX \.............- . Duic-a, Cop by 5 P .'L,l 7y
SENNIANL RIS  ERECE RS PN nan s U T LT LD DL T b AEES S,

2 e M

i ) - i Y2 2
I I
=E == -

—_— s
Of ~ g -
SEEE .
] - Zz -
i E B ¥ 4.==— m
kn—u—w_..-u_._,.b. - =
O X
1l =l 3 m
— a— 2 o
— U | e |11} o,

- —




(X U RO I, <atatalaialy’ A b x, RTEXERH RN N S N NI O T L TR T o, W V3 aRa ol aMRlafa th ' oll abet il ake’ 20" 204 202"

AD |

ONC FILE_ OO
technical

Rep or

\ United States Army
Belvoir Research. Development & Engineerning Center
' Fort Belvorr. Virginia 22060-5606

AD-A185 963

Report 2453

Developing an Accelerated
Endurance Test for
Greases— A Status Report

Authored By:

In-Sik Rhee

Report Date:

August 1987

Approved for public release; distribution unlimited.

=5

@ e e

o ",{'y{'v )

/
L]
¢
,
aw 10 2 065 °
. - -
‘I
]
Vi AN R R T T T AN T e S N T T T A e T e . T L e O PO IR N R ST N N
b:‘& 3'.. i?i 2 : o " - '. "\"" "\ -.' " " " .-.“'~..‘ AT \~.‘ RN TR s i S A A

AR XL.

2 AT

| P A A

D A NS Y TR W L

W
; )

58
P&’



S AMCRAL 2R "t a

1 ]
’)
"
’ UNCLASSIFIED
, SICLR Ty JLAN ACAT DN DR TS At
f: formAgget.eq
REPORT DOCUMENTATION PAGE SMB RO 173470184
£rp Dave .r 30 '346
Ta FEICRT 5EC.2 TV ILASSFCATON "0 RESTALT VE MARX.NGS
UNCLASSIFIED
j Ja SECLRTY CLASSFCAT ON AUT=CRITY 3 OISTRBUCTON AVALAG LTY OF REPQRT
X ra T C S TNCAADNG TCaED Approved for Public Release; distribution
y P . - ) £ . .
: 2o JECLASSF.CATON DO0WN =EDULE Unlimited
I\
- 3 PERFORM NG CRGANIZAT ON REPORT NUMBERIS, 5 VIONITORING ORGANZAT ON REFCRT YL VBE215,-
-053 -
o 6a NAME OF PERFOAM NG CRGa% ZAT ON 60 CFFCE SYMBOL 7a NAME OF VO*ITQRING TARGANZAT ON
:- > Tuels & Lubricants Div., Matls, (if apphicable)
>y Fuels, Lubes Laboratory STRBE-VF
o’
5¢ AODRESS City, State ara P (ove) "o ADDRESS .C:ty, State and Z'P Coae)
Ft. Belvoir, va 22060-35606
-
~
_\ 33 NAME QF FUAND NG SPONSQORI NG 3o OFFCE SVVBOL 3 PROCUAREMIENT NSTRUMENT 'DENTF CAT.CN NiMVBE?
) ': QRGANIZATON (It appiicabie)
o
L~
8c. ADDORESS (City, State, ana ZiP Coge) ‘0 SOQURCE OF ~uNDNG NUMBERS
" PROGRAM PROLECT TASK SORK Lt
. ELEMENT NO o) NO ACCESS.ON \O
~
A
Al TtTITLE (Include Secunré Ciassification)
o ELOPING AN ACCELERATED ENDURANCE TEST FOR GREASES--A STATUS REPORT
‘
'2 PERASONAL ALTHOR(S)
In-Sik Rhee
- 13a TYPE OF REPORT 13b TIME COVERED '3 DATE OF REPQRT {rear, Month Day) ['5 PAGEc COUNT
. Interim Repor: FROM TO Aug 1987
- "6 SUPPLEMENTARY NOTATION
s
Ol
7 CCsAT CO0ES '3 SUBLECT TEAMIS Continue on reverse if necessary ang :«gentify by biock numbper)
- FELD 1 GROUP SL8-GROUP
- ’ i
s, |
‘:- ‘3 ABSTRACT Continue on reverse if necessary and :agentity dy DIOCk numoer)
7N > The objective of this studv was to develop a grease endurance test method which can be
' utilized in the comprehensive test methodologies being developed for predicting the
. performance life of military grease under laboratory enviromment. In an initial studv, the
N ASTM D3527 test method, "Life Performance of Automotive Wheel Bearing Grease" has been
R evaluated because it is supposedly simulating an operating environment and has widespread
i applications. The results show that this method has poor precision, long-endurance test time
'*{ and poor simulation of field conditions. In particular, the termination criteria used in thi{
method tend to extend grease life. [v solve the orotlem, fentitive terriniticn crizeria weor
e s . P
) developed based on the softening of grease, which reduced the test time and distinzuished
e between a zood and a poor gzrease as well as the current method is able to Jdo. To define the
N L10 life of MIL-G-10924 grease, baseline tests were conducted using the ASTM D3327 mechoed.
Y " The L10 life of this zrease is less than 20 h. Such a gr ease i3 nor sgtisfactory 1o mulitar
5: vehicles with wheel bearings that are equipped with disc braxes
~
[V 10 DSTABLTCN ALALASL Ty TE A3STRACT R
L oncassiEd L wntsd  Dotavgoag a9m Tlasg cra R
" I3 NANIE ZEAELIONSBLE D . DLAL B T R
PR in=3ix Rhew -y e S -
. DD FORM 1473, 83 va?r 45 2P pg tun Ty DB Lsed L7 2emg e R
KN Aifotrer ect Ons 4re 08 et . . :

o
s
LS
y




f ) ata At abaate pvaav o ale -4, ‘e VR % 8 a8 00 04 e b’ 2006 0 a0 kot aat S tad Bebel Y, W RE RO

; o
B
o
s CONTENTS
2
. Section Page
«1 I INTRODUCTION L...ooviieieiiesiteses oo, 1
‘ II  OVERALL REVIEW OF ASTM D3527 METHOD.........ccooiiiiiiiii 2
3 [II ' THE LOADING REQUIREMENT ON THE ASTM D3527 METHOD.............. 5
: IV NEW TERMINATION CRITERIA FOR THE ASTM D3527 METHOD........... 11
| VvV THE REQUIREMENT OF L10 LIFE OF GAA IN THE ASTM D3527
’. METHOD . oo e et 16
E: VI DISCUSSION AND CONCLUSIONS. ...t 19
2 BIBLIOGRAPHY ...iiiiiiiieiiiice ettt 20
:\ Figure
: I Termination Profile of the ASTM D3527 Method........cc.coviireivranrnranns e, 4
o 2 Life of MIL-G-10924C Grease at Two Different Loading Systems...................... 6
K-
,| 3 Life of MIL-G-10924C Grease in the Modified ASTM D3527 Method............... 7-8
g 4 Life of MIL-G-10924C Grease in the SKF Method.................. 9-10
! 5 Oxidation Stability Teast Results of the Candidate Grease for
; MIL-G-10924E in the PDSC Method.......ccoooiiiiiiii e, 15-16
:- 6 Life of High Dropping Point Grease, MIL-G-10924D.......................oceeel. 17-18
Table
5 1 Grease Endurance Test Conditions in the Modified ASTM D3527
/ Method and the SKF Method...........o.ooiiii S
2 The Physical and Chemical Properties of Tested Greases.....ooo. 12
3 Grease Life in Both Termination Criteria..........oooooiiiiiii i 12
4 Consistency Test Resulls. . ..o i3 )




Section I. INTRODUCTION

The US Army is presently using a multi-purpose National Lubricating Grease Institute
(NLGI) Number 2 consistency grease covered by Military Specification MIL-G-10924D,
“Grease Automotive and Artillery (GAA),’" as the standard grease for all Army
vehicles, arullery, and ground equipment operated worldwide.[l] With rapid advances in
automobile technology, the operational and system requirements of military vehicles and
equipment have imposed demands for increased capabilities of the lubricating greases. To
meet these additional requirements, research is being conducted to develop new perfor-
mance criteria that will be required for the *‘E’" revision to MIL-G-10924. One of the
major thrusts in executing this research effort is the development of comprehensive test
methodologies which can be utilized to predict performance life of these military
greases.

A project was initiated to develop a methodology for predicting the L10 life of grease
products under a laboratory testing environment. The L10 life value is a means of defin-
ing the minimum life and is an expression meaning the 90 percent reliable grease life in
bearings. A research plan was subsequently established for the following three phases:

Phase I: Develop the mathematical modeling system to evaluate functional performance
of grease products.

Phase II: Select or develop accelerated endurance testing method(s).
Phase III: Correlate laboratory test methodology with field performance.

Ir one of our previous research efforts, the maximum likelihood (ML) computer pro-
gram for the two-parameter Weibull probability distribution was developed to meet the
primary objective of Phase 1.[2] To provide meaningtul input data, the current research
effort 1s directed toward developing the grease endurance testing procedure which is
planned in Phase II.

For the last three decades, numerous ball-bearing and roller-bearing grease endurance
tests have been devised for laboratory evaluation of grease. Some of them were used 10
standardize specific test procedures in the grease industry, while others were used in
individual laboratories for grease development. Among these standard methods, the
American Society for Testing and Materials (ASTN) D3327 test method. Life Perfor-
mance of Automotive Wheel Bearing Grease,"" is widely used in the grease manutactur-
ing and automotive industries. Because of its application and simulation of an operating
environment, a study was conducted 1o evaluate the ASTM D33527 method prior 1o
being incorporated into MIL-G-10924D. This report describes the advantages and Jdisadvan-
tages ot this method, our tindings, and the results of a feasibility study conducted (o
deveiop an accelerated endurance test using this method.




Section II. OVERALL REVIEW OF ASTM D3527 METHOD

The method covers a laboratory procedure for evaluating the high-temperature (160° C)
ASTM D3527 under specified conditions. The significance of this method is that it dif-
ferentiates among wheel bearing greases having distinctly different high-temperature
characteristics only. The current precision is as follows:

Repeatability = 0.8 X
Reproducibility 1.2 X
Where X average of the two test results

The basic configuration of the test apparatus consists of a simulated front wheel hub-
spindle-bearings assembly, a heater, a dc-motor, a tachometer, an elapsed time meter. a
torque meter, and a temperature monitor. Two tapered roller bearings were used as the
test specimens in this procedure: LM67048-LM67010 for the inboard bearing, and
LM11949-LM11910 for the outboard bearing. Both bearings are currently utilized in
small vehicles. For the test, three main parameters (temperature, load, and speed) were
applied to this method. Initially, a test temperature of 150°C was selected at the out-
board bearing because wheel bearing temperatures associated with front disc brake
svstemns higher than 150 °C were encountered.[3] In 1985, the test temperature was raised
from 150 to 160°C at the outboard bearing to provide a more severe test condition. The
test speed selected was 1,000 rpm. The thrust load of only 25 Iby (representing the vehi-
cle curb and axial cornering weight) was applied to the test bearings because the test ap-
paratus developed was based on modifications of the ASTM D1263, *‘Leakage Tenden-
cies of Automotive Wheel Bearing Grease,’’ method.[4] This preload was adapted from
a wheel bearing adjusting nut torque value used in light trucks. With these test
parameters, grease life was determined when the drive motor torque exceeded a preset
torque limit for 30 seconds in 20 hours on, 4 hours off cycle operation.

The advantage of this method was to comprehensivelyv evaluate all individual physical
properties of greases directly related to high temperature and shear, using a simulated
front wheel bearing system 1and a dynamic laboratory bench-tvpe test apparatus. The
disadvantage of this method was its poor precision. For this reason, this method did not
have the capability to distinguish between the greases having similar high-temperature
properties. Finally, the test results provided limited correlation to field performance.

Since this method was issued, it had not been extensively utilized in grease research and
development and specifications because of its poor precision, long endurance test time.
and questionable correlation with field. vehicle operation conditions. The ASTM Com-
mittee D2 Subsection B0.04 on Automotive Greases is currently developing a Chassis
Grease and Wheel Bearing Grease specification to cover lubricating grease suttable tor
the periodic relubrication of commercial vehicles [3] In this wheel bearing specification,
the ASTN D33527 method s listed with ity mimimum requirement (80 hoursy. Due to the
method’s poor precision, the tollowing paragraph is included to rusuty this regquirement:




“The test requirements (limitsy civen (n thus specitication are, as the case muay be,
minigmum or maxinum acceptable values for valid duplicate test resuldts. No additional
corrections for test precision, sucht s described in the ASTM D3I244, Cuilization of
Test Data to Determine Conformance with Specitications,” are to be upplied musmuch
as the precision ot the test methods were tuken into uccount in the deternuntion of rhe
requirements. "’

However, the US Army currently uses a modified version ot ASTMN D35327 1n the
MIL-G-10924 specification without the above reservation. The currently identitied
problem areas are the termination criteria and the test temperature measurement techni-
que.[6.7] According to the ASTM D3327, the test temperature is measured from the
spindle hole in which the thermocouple is inserted, resulting in a temperature gap ot 20
10 30 °C between the chamber and spindle. It appears that the test temperature is closer
to the chamber temperature instead of the spindle temperature because the test specimen
(wheel bearing hub svstem) is fully open in the chamber and the heat transfer is
facilitated by hot air in the chamber. Theretore, the actual test temperature is assumed
to be higher than 160°C.

The problems associated wi'1 the ASTM termination criteria used in this method are:

e As a consequence of the cvclic operation, the resulting grease life i1s probably
longer than the actual life of the grease.

e Test results are unrepeatable.

e Since the torque rarely reaches the preset torque limit, there is a termina-
tion problem.

e The test is terminated at room temperature rather than the test temperature.

The termination protile of the ASTM D3527 method is shown in Figure 1. These
problems directly aftfect precision. To solve these problems, the ASTM GO0.05 Subsee-
tion is studving possible moditication to this test machine. Ever since this method has
been issued. there have been informal reports of frequent equipment problems.
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Section [{I. THE LOADING REQUIREMENT ON THE ASTM D3527 METHOD

The primary objective of this study was to establish a comparative baseline for loading
requiements (i.e., test severity) of the three major test parameters (temperature, loads,
and speed) to be used in the laboratory grease endurance test procedure. The equipment
targeted for use in developing this wear-life projection was the ASTM D3327 test ap-
paratus. Because of questions concerning test parameters, the major focus on this ap-
paratus was the radial load (vehicle weight) which had been used as a test parameter in
previously conducted grease investigations using the SKF grease test procedure.[8.9.10]

For this reason, a study was conducted to determine whether the radial load should be
considered as a test parameter in the grease endurance test procedure. This task was per-
formed using the differences of two test methods (ASTM, SKF). The major differences
of these methods were the load treatment on the test bearing, termination criteria, and
test operation (continuous vs. cvcle operation). To make a comparison, the grease en-
durance tests were performed according to the Modified ASTM D33527 test method. The
grease used in these tests was a qualified MIL-G-10924C grease evaluated previously us-
ing the SKF grease test method. Table 1 presents test conditions.

Thirteen data points were generated using the four ASTM D3527 test devices. Due to
the poor precision, the MIL-G-10924C *‘grease life’’ was determined using the ML com-

puter program. The L10 life of the MIL-G-10924C grease was projected to be 238 hours.

This L10 life value was approximately eight times longer than that previously obtained
from the SKF method which gave an L10 life ot 32 hours. This implied that the grease
life also depends on the load as well as the temperature. Therefore, the results indicated
that the radial load (vehicle weight) should be used as a test parameter in the grease per-
formance test. These test results are plotted to make a comparison in Figure 2, and their
test results are provided in Figures 3 and 4.

Table 1. Grease Endurance Test Conditions in the Modified ASTM 3527 Method and
the SKF Method

Modified ASTM SKF

Test temperature 121 °C 121 °C

Speed 800 rpm S00 rpm

Thrust load 25 1by (fixed) 560 1by tapplied cach £
minutes for 90 econds
duration)

R. dial load none LRTS Ihytfivedd

Test bearings Tapered roller bearing same as ASNTM

Operation Cyele (20 hours on, contnuous

4 hours ort)
Termination criteria Torque Vibranon, Time-up . Noise,

Temypermature

tn
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ESTIMATES FOR THE CUMULATIVE WEIBUI L DISTRIBUTION

FIX0y=1-EXP(-(X N By

ESTIMATE AND TWO-SIDED 907 CONFIDENCE INTERVALS
FOR DISTRIBUTION PARAMETLERS

SHAPE (BETA) PARAMETER = 3.5328 SCALE PARAMETER = 3499063
LOWER LIMIT = 2.5310 LOWER LIMIT = 392
UPPER LIMIT = 49310 UPPER LIMIT = Steolie

ESTIMATED COVARIANCE MATRIN OF PARAMETER ESTINATES

SCALE SHAPL
SCALE 1405.878~ 9.0111
SHAPE 9.011) 12N

ESTIMATE AND TWO-SIDED 90% CONFIDENCE INTERVALS
FOR DISTRIBUTION PERCENTILES

PERCENTILE .
PERCENTAGE ESTIMATE LOWER LIMIT UPPER LINIT :

1.0 122 "4 201
5.0 194 137 276

10.0 218 178 3N
20.0 294 ' 234 kil
0.0 106 348 1
0.0 474 418 231
903, (} £70 499 63
9< ) 614 €33 0" i
99.0 6923 <39 18 |

999 778 64 93N A

LCL 11 NMED L]
Rk 14X S06 472

NMED
Q3%

Figure 3. Continued
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ESTIMATES FOR THE CUMULATIVE WEIBULL DISTRIBUTION
v F(X)=1-EXP(-(X A)-B)
r ESTIMATE AND TWO-SIDED 90%% CONFIDENCE INTERVALS
o FOR DISTRIBUTION PARAMETERS
S SHAPE (BETA) PARAMETER = 1.5500 SCALE PARAMETER = 134.794" ’
K- LOWER LIMIT = 1.1471 LOWER LIMIT = 105
5 UPPER LIMIT = 2.0943 UPPER LIMIT = 172.7830
.
' ESTIMATED COVARIANCE MATRIX OF PARAMETER ESTIMATES
SCALE SHAPE
SCALE 413.9144 1.70%4
j SHAPE 1.7054 0804
y ESTIMATE AND TWO-SIDED 90%% CONFIDENCE INTERVALS
FOR DISTRIBUTION PERCENTILES
g
, PERCENTILE
PERCENTAGE ESTIMATE LOWER LIMIT UPPER LIMIT
1.0 7 3 19
5.0 20 10 10
. 10.0 32 18 53
; 20.0 51 33 ‘ 79
50.0 106 81 140
70.0 152 120 193
90.0 231 179 29° Y
95.0 274 208 260
99.0 361 261 00
99.9 469 319 689
. L10 . Ls0
y LCL MED LCL LCL MED LCL
18 32 53 81 106 140

Figure 4. Continued
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Section IV. NEW TERMINATION CRITERIA FOR THE ASTM D3527 METHOD

L CEE T YT VY

The current grease failure criteria used in the ASTM D2327 method originally were

developed based on a hardening of grease which, in turn, produced lubricant starvation.
However, it now appears that these criteria can only be utilized when the running torque

value has a higher value than a steady-state torque value which developed at the first

2 hours of operation. In practice, the running torque value does not alwavs produce a -
higher value than its initial value measured at 2 hours of operation. In our previous ;
tests, evidently, it was observed that the MIL-G-10924C grease sample underwent

changes at 121 °C in two distinct stages. In the first stage, the grease appeared to soften

or become semitluid at the given test temperature and speed. The running torque

observed at this stage was about a quarter ot the steady-state torque obtained at the

first 2 hours of operation; then, hardening of the grease occurred in the later stage. To

provide more evidence, a lubrication comparison test was conducted using the modified

ASTM D3527 method used in the MIL-G-10924C grease endurance tests. The lubrica-

tion used in this comparison test was the VV-L-800, **General Purpose Preservative

Oil,”" having similar property as the base stock used in che MIL-G-10924C grease.[11]

The results showed that the lubrication life marked 9.2 hours. and the running torque

value was almost identical to that obtained with the MIL-G-10924C grease. It would ap-

pear that the grease in question changed its consistency during the test due to the

temperature and shear forces incurred in the first stage. These physical property changes ;
may affect grease endurance life and lead to subsequent bearing failure. Generally, the ;
deterioration of grease results from oxidation reactions, a breakdown of grease struc-

. ture, excess bleeding or separation of oil from the thickener, and contamination.[12]

These physical property changes can all be considered as grease failure criteria.

To develop new termination criteria for the ASTM D3527 method, a feasibility studs

was conducted using a candidate grease for the “*E'" revision of MIL-G-10924 Specitica- )
tion and the MIL-G-10924C grease used in the SKF tests. The former is a high droppinz

point grease, whereas the latter is a low dropping point grease. The physical and

chemical properties of these greases are shown in Table 2. For the feasibility study, the

following tentative termination criteria were devetoped bused on the sottening ot grease

indicated in the previous test results:

T( = \l (ST - \) \ \.\‘/h‘/'(‘

f N o= .
ST = teady -state torgque value obrained at 2 hours operaton
Noo= e pue ot unloaded motor
Holding time tor TC = 30 ~econds

To make a comparison, gredase endurance tosts were pertormed using both currens
b = t =
ASTAL termumation criteria thigh et poimnny and the tentative new rermnnaton (e

ow et ponty at 121 Coand 160 O The tost results are ~shown o Taple 3 ’




The Physical and Chemical Properties of Tested Greases

ASTM
Method Grease

MIL-G-10924C Candidate Grease
for MIL-G-10924E

NLGI Consistency Number:
Worked 60X 2 117
Unworked - 3
Thickener Type: Calcium Lithium Complex
Base oil ' Petroleum Polvalphaolefin
Base oil viscosity at 40°C, ¢St 13.3 220
Cone Penetration (worked 60X): 2 281 305
Dropping Point, *C: § 143 260 ~
Oil Separation, To: 5.2 0.62
Evaporation, %: 5.3 1.72
Oxidation:
Stability, 100 hours
4 Ball EP, LWI

Table 3. Grease Life in Both Termination Criteria

Candidate Grease
Test Temperature MIL-G-10924C for MIL-G-10924E

LSP* HSP*= LSP HSP
120°C 80 hours 150 hours — > 1,000 hours
160 °C — > 20 hours 57.9 hours 123.8 hours

* LSP: Low set point

** HSP: High set point (current ASTM D3S27 termination criteria)
ASTM termination criteria;
TC = 8 finitial torque — unloaded torque) ~ unloaded torque
Holding ume for TC: 30 seconds

.
-
-

" . - " " s \ * \ \ \ ALY AR
._'. a"' TN .f-".) RS \.r‘- J\.-“ e




A

vl
AR

1
DR N

a2 T, 0.8 Ve

ol

The candidate grease tor NMIL-G-10924E Specification did not follow either termination

criteria at 121 °C. It appeared that the test temperature (121 °C) mayv be too low to tully

stress or deteriorate the high dropping point grease. This grease was terminated by both

set points when tested at 160 °C. The grease terminated by the low set point criteria ap-

peared to be moderately oxidized and dried with free oil. On the other hand. the failed

grease detccted by the high set point criteria appeared to be completely oxidized and

only residue grease remained in the bearings. The life obtained using the low set point

criteria was approximately one half of that obtained when using the high set point .
criteria. In the other test, the MIL-G-10924C grease (low dropping point grease) also
followed both set points at 121 °C. The condition of this grease in both tests was similar
to the condition of the high dropping point grease. At 160 °C, this grease only operated
tor 20 hours. However, the actual *life’” of this grease was less than 20 hours because
most grease tailures were observed at the initial cvcle operation after a 4-hour rest.
Theretore, the minimum life of this method can be considered to be 20 hours. This
grease was not suitable to conduct the grease endurance test according to the ASTM
D3327 method because of its low dropping point (143 °C). Evidently, the grease com-
pletely melted at the test temperature and the tested bearings looked like unlubricated
new bearings. Both test results indicated that the tentative termination criteria can
reduce the test time to as much as one half of that obtained from the ASTM termina-
ton criteria.

To address whether the grease becomes soft or not at the tentative termination criteria,
a consistency test was conducted on exposed samples according to the ASTN DI1403,
"*Cone Penetration of Lubricating Grease using One-Quarter and One-Half Cone Scale
Equipment.”” Due to the insufficient amount of grease, only the unworked penetration
number of the candidate grease for MIL-G-10924E was determined. The test results
showed that the unworked penetration number measured from the used grease (54.4
hours) was softened bv a halt NLGI number in comparison to that obtained trom the
new grease. [t would appear that the decrease in the running torque at this stage
resulted from the combination of softening of the grease and adsorption ot certain ad-
ditives on bearing surtaces. The test resuits are summarized in Table 4,

Table 4. Consistency Test Results

Grease Unworked Penetration
New Used (54.4 hours)
Candidate grease
tor MIL-G-10924 2iF 238
NLGI Number 3o 3




To define an additional failure criteria for tested greases, experimental oxidation stabili-

ty tests were conducted using the Pressure Differential Scanning Calorimetry (PDSC)

method which is being developed within the ASTM Committee D2 Subsection 09.0E on
A oxidation.[13] The test results are provided in Figure 5.

The test results showed that the MIL-G-10924C grease used in the modified ASTM
D3527 test tor 80 hours gave 1.4 minutes in induction time which indicates the relative
degree of oxidation in this method. This value was lower than that obtained from the
new grease (16.2 minutes) and equivalent to that determined from the heavy oxidized
residue grease. The new candidate grease for MIL-G-10924E showed a good oxidation
stability at the given test conditions, and the grease used in outboard and inboard bear-
ings for 57.9 hours marked 15.3 minutes and 31.9 minutes respectively. Both values
were higher than those obtained from new MIL-G-10924C grease. Although the grease
was not oxidized at this stage, the result indicated that the grease was being degraded b
the temperature and shear force. Evidently, the induction time obtained from the used
grease (37.9 hours) was significantly lower than new grease and higher than the residue
A grease collected at 123.8 hours.

e

In summary, the grease lubricated in the outboard bearing gave lower induction time
than that obtained from the inboard bearing under the same hub system. This implied
that the grease used in the outboard bearing (small bearing) failed earlier than grease
obtained from the inboard bearing (large bearing). As the ASTM D3527 method was .
designed to determine the grease failure life when grease packed in both bearings com-

»
pletely deteriorates, the grease failure occurring in the outboard bearing actually does )
not signal failure life. Therefore, this developed preliminary termination criteria, based )
on the oxidation and hardening of grease, intends to extend grease life and sometimes by
give a termination problemn. Based on data developed to date, this method needs new
termination criteria which can determine the true grease life. The tentative termination )
criteria reduced the test time and distinguished a good and poor grease as well as the h

: current method is able to do. N
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Candidate Grease

MIL-G-10924C for MIL-G-10924F

New New
Grease: grease TTC ASTN 2rease TTC ASTM
Bearing: [B OB [B OB [B OB IB OB

[nduction
Tone rming: 162 1.4 — - — 120 - Y 15263 4

TTC: Tentative termination criteria
ASTN ANTN termination criteria
IB: Inboard bearing

OB: Quthoard bearing

Figure 5. Continued

Section V. THE REQUIREMENT OF L10 LIFE OF GAA
IN THE ASTM D3527 METHOD

To establish the requirement of L10 life of current GAA grease and the future lonyg lite
Army grease, baseline tests were conducted using the ASTN D2327 method. Of the nine
qualified products under the MIL-G-10924D Amendment | Specitication, only one high
dropping point grease was qualitied to perform according to the ASTM D332°
method.[14] The other greases were not included in this evaluation due to their lower
dropping points (143 O). Eight data points were generated on the one gualiried product
and 1ts L10 life was determined using the ML computer program. The baseline grease
lite, with 90 percent contidence intervals, and its numerical percentile lite are ~shown in
Figure 6. The L10 life obtained from this baseline test was 22 hours, and the 120 lite
(representing the aserage htey was 116 hours. This L0 life was longer than the require-
ment of the dratt ASTM wheel bearing specitication. The average lite of conventional
wheel bearing greases s between R0 to 130 hours. The current low dropping point
greases ~supplied under the WVIE-G-10924D Specitication are generally satistactory for
artiflery and ground equipment, but not necessarihy in Jdise brake wheel bearing applica-
tons because the testing at 160 C provided a lite less than 20 hours.

16 )
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ESTIMATES FOR THE CUMULATIVE WEIBULL DISTRIBUTION
FIXo)=1 -EXP(-(X A)~B)

ESTIMATE AND TWO-SIDED 90% CONFIDENCE INTERVALS
FOR DISTRIBUT{ON PARAMETERS

SHAPE (BETA) PARAMETER = 2.3637 SCALE PARAMETER = 1358103
LOWER LIMIT = 1.3017 LOWER LIMIT = 105
UPPER LIMIT = 2.7203 UPPER LIMIT = 176.2104

ESTIMATED COVARIANCE MATRIX OF PARAMETER ESTIMATES

SCALE SHAPE
SCALE 462.2547 4.5873
SHAPE 4.5875 4248

ESTIMATE AND TWO-SIDED 909 CONFIDENCE INTERVALS
FOR DISTRIBUTION PERCENTILES

PERCENTILE
PERCENTAGE ESTIMATE LOWER LIMIT UPPER LINMIT
1.0 19 7 3
5.0 39 19 -8
10.0 52 30 91
20.0 72 16 113
50.0 116 7 156
~0.0 147 114 189
90.9 193 149 250
95.0 216 164 28s
99.0 259 188 388
999 308 211 443
Lio L30
LCL MED UCL LCL MED LUCL
20 52 93 hin 116 156
Figure 6. Continued
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Section V1. DISCUSSION AND CONCLUSIONS

Although the ASTM D3327 method was studied with limited data, it can be con-
cluded that this method may be as good as the screening test, but not applicable 1o use
in the Army grease specification without any modification. The reasons are that this
method has poor precision and definition of the meaning of the test. Based on test
results, grease life also depends on the load as well as the temperature. Therefore. the
radial load should be used as a test parameter with the thrust load.

The current ASTMI termination criteria developed based on a hardening of grease gave a
termination problem and tended to extend grease life. The new developed tentative
termination criteria, based on the softening of grease, reduced the test time as much as
one half of that obtalned from the current ASTM termination criteria. It also differen-
tiated between a good and a poor grease as well as the current ASTM D3527 does.
Results clearly show that this approach resolved the problem associated with the current
method. Further study of this termination would be beneficial tor developing an ac-
celerated grease endurance method.

The L10 life of high dropping point grease supplied under MIL-G-10924D Specitication
obtained 52 hours, and L30 life (representing the average life) was 116 hours, which is a
longer life than the requirement of the draft ASTM wheel bearing specification

(80 hours). The traditional fow dropping point MIL-G-10924D grease provided less life

than 20 hours. It appears that this grease is not satisfactory in disc brake whee! bearing

applications.
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